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When the Annular Bearing Engineers 
Committee began to function actively some 
years ago after perhaps a decade of individ- 
ual study by ball and roller bearing engi- 
neers and the research personnel of a few 
of the large oil companies, evaluation of 
ball and roller bearing greases became one 
of the most important problems in these 
industries. Undertaken on a cooperative 
basis, for the purpose of proving or disprov- 
ing certain rule of thumb theories, this activ- 
ity quickly led to the development of several 
unique laboratory devices. 

Some of these had been already existent 
in pringiple, but required perfecting. Others 
were comparatively new. The idea back of 
all, however, was to observe bearing lubri- 
cant performance’ under simulated operating 
conditions which could be varied to include 
extremes of temperature, and representative 
speeds and pressures. 


RELATION OF SEALING 


These laboratory activities were accom- 
panied by more serious consideration of 
methods of sealing and study of lubricant 
performance under subnormal or abnormal 
temperature conditions. Ball and roller bear- 
ing sealing was not a new idea, but control 
of the lubricant in the bearing came to be 
considered as most important. 

With the development of pressure grease 
lubrication, a most disturbing habit became 
evident among many plant operators. The 
gtease gun gave them a means for protecting 
their bearing investment, and they literally 
“fell over backwards” in their endeavor. 
The result was that greasing schedules were 
sometimes planned as often as twice daily. 

Few, however, seemed to realize that for 
each gram of fresh grease applied, almost 
an equal amount of used grease had to go 
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somewhere—usually past the bearing seals 
to accumulate or drip onto adjacent parts 
of the machine. This was often aggravated 
when the bearing was subjected to higher 
temperatures, especially when greases were 
used which would thin down to a virtual 
“light oil” state of fluidity. Under such 
conditions increase in temperature would 
have a contributing effect to leakage similar 
to the effect resulting from applying grease 
to the bearing under sufficient pressure to 
force it past the seal. 

It doesn’t take much pressure to impair 
the sealing properties of many excellent 
bearing seals. Once this has occurred, more 
frequent re-lubrication becomes a virtual 
necessity. So, many bearing authorities 
began to refrain from using pressure gun 
fittings in favor of plugs which could be 
installed only when it was time to re-lubri- 
cate. This stymied the over-zealous custo- 
dian of the grease gun; it also reduced cost 
of lubrication and improved bearing per- 
formance, for a ball or roller bearing is a 
unique device which functions best on a 
minimum rather than an excess of grease. 

With this accomplished, bearing designers 
could then give even more careful attention 
to their sealing methods. The logical result 
was the prepacked double-seal bearing and 
the cartridge type unit which today are 
designed to operate for several years on the 
initial charge of grease, which in a small 
bearing may be as low as one gram in 
weight. 

GREASE RESEARCH 


Meanwhile, the petroleum industry in- 
augurated a most extensive grease research 
program. Better sealing required better 
lubricants, meaning that greater durability 
was necessary. 

The durability of a grease is synonymous 
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with its lubricating ability; any change in 
the physical or chemical nature which will 
affect this is objectionable. The physical 
nature of a ball or roller bearing grease is 
most apt to be affected by temperature or 
moisture; the chemical nature by oxidation 
of certain of its petroleum or fatty oil com- 
ponents. 

Temperature affects the consistency in- 
versely. In others words, the grease gets 
harder as the temperature goes down, and 
softens at higher temperatures. Within 
certain reasonable limits, this has compara- 
tively little effect upon the lubricating value. 
To be sure, relubrication at low temperatures 
may be more difficult, some grease guns 
being unable to pump certain greases. Con- 
versely, as the higher temperature limits are 
approached, leakage may develop, but this 
is not likely if the grease is specifically pre- 
pared for ball and roller bearings and the 
seals are effective. 


TEMPERATURE RESEARCH 


As industrial ball and roller bearings are 
more apt to be exposed to high temperatures 
rather than to chilling, it was logical to de- 
sign such equipment as the A.B.E.C. ma- 
chine so that grease behavior at certain 
elevated temperatures could be observed, 
up to a reasonable limit, such as 220 degrees 
Fahr. (though a maximum of 300 degrees 
Fahr. is attainable). In addition to the 
leakage tendencies, it is also practicable to 
observe the torque characteristics as well as 
the ability of the grease to adhere to the 
test bearing at the temperatures of test, 
which are normally 80, 150, and 220 degrees 
Fahr. 

The same observations are practicable 
with the torque-breakdown machine of The 
Texas Company as shown on page 4. This 
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device, however, is possessed of an advantage 
in that three speeds are available, i.e., the 
conventional 1750 r.p.m. motor speeds, as 
well as lower speeds of 900 and 36 r.p.m. 

In addition, both high and low tempera- 
ture conditions can be simulated as the de- 
vice is provided with an insulated chamber 
equipped with copper tubing, permitting the 
circulation of brine or steam, thereby af- 
fording a temperature range from minus 
40 to 350 degrees Fahr., or above. The 
bearing and housing are located in the afore- 
said chamber which is capped with an 
insulated cover plate during the test pro- 
cedure. 

It is also practicable to carry out low tem- 
perature torque tests on either ball or roller 
bearings in a cold box or cold room wherein 
the temperature of observation is contingent 
upon the refrigerant used. By designing a 
suitable turning mechanism, certain investi- 
gators have developed a cold box test 
whereby it is practicable to measure the 
time required to make one or more complete 
turns of the bearing. This is expected to 
afford an interesting means whereby low 
temperature starting characteristics of cer- 
tain greases can be further evaluated in 
terms of the time required to turn the test 
bearings. (See page 6.) 

Low temperature evaluation of ball and 
roller bearing greases occupies a most impor- 
tant part in grease research today in view of 
advances made in aviation. The modern 
aeroplane has gone practically entirely to the 
ball bearing. Few realize the multitude of 
such bearings required for control mechan- 
isms, landing gear, and engine accessories 
on the transport or military ship today. A 
safe estimate is from 1000 to 1500 bearings, 
all of which must function at whatever 
atmospheric temperature the plane may en- 
counter. From 40 degrees Fahr., below zero 
to 150 degrees Fahr., is the temperature 
range over which lubricants for control bear- 
ings are expected to function; on the other 
hand, magneto and generator bearings must 
be lubricated at temperatures as high as 350 
degrees Fahr. 

This presents an entirely new problem to 
the grease chemist; for, in addition to the 
relative viscosity and pour test ranges of 
parafhn and naphthenic base oils, he must 
consider their compounding ability with a 
wide variety of fats, the oxidation tenden- 
cies of these latter, and the metallic bases 
available for soap formation. Suitable 
laboratory testing equipment is of inestim- 
able value in enabling him to evaluate his 
proposed compounds. Laboratory testing in 
terms of days must literally predict bearing 
performance in terms of years. 
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Moisture, in turn, may cause change in a 
grease if the soap constituent is affected. 
Lime soaps are conventionally thought of as 
relatively insoluble in water, whereas sodium 


soaps may be affected, dependent upon the 
nature of the fat used in their manufacture. 
But sodium soap greases withstand higher 
temperatures; so, even though they may be 
soluble, they are preferred alone or in com- 
bination with a small percentage of lime 
soap for many types of ball or roller bearing 
lubrication. 


CHEMICAL BREAKDOWN 


Another most active phase in research 
during latter years has been the develop- 
ment of practicable laboratory tests which 
will predict grease performance in service. 
In other words, the grease chemist has real- 
ized that oxidation is the primary reaction 
which may change the chemical nature of 
a grease. Long time storage tests of bear- 
ings packed with various greases have been 
popular in the bearing industry and grease 
laboratories for years. They have foretold 
some valuable data as to grease compound- 
ing, but the fact that one had to wait for 
months and even years to be sure was a 
definite objection. So, accelerated oxidation 
was studied. 

This has been approached from two 
angles: 

The static, whereby test samples of greases 

in suitable containers are exposed to 

oxygen under controlled pressure and 
temperature, and 


The dynamic, whereby exposure of fresh 
surfaces of the grease prevails. Operat- 
ing a bearing in an atmosphere of oxygen 
was one angle of approach. It is stil] 


being studied. 


RESISTANCE TO FLOW 


The various torque and breakdown ma- 
chines discussed elsewhere in this article in- 
dicate the relative change in fluidity which 
will occur in a grease when subjected to 
agitation in a ball bearing, also the effect 
of temperature. In addition, it is of inter- 
est to note certain observations of investi- 
gators who have studied this change in 
plasticity from the viewpoint of viscosity, 
especially where pressure prevails. 

There is a direct relation between the rate 
of change in physical characteristics of a 
grease with temperature or pressure and its 
performance in service. Change in con- 
sistency which would be comparable with 
change in viscosity in an oil has prompted 
a number of investigators to attempt to de- 
velop a method of determining the viscosity 
of greases or their resistance to flow, as a 
guide to prediction of the temperature range 
over which any such product should be 
used, and the relation of torque, or power 
consumption, through internal friction. 

The research work of Dr. E. C. Bingham 
and M. H. Averson in the study of viscosity 
determination of very viscous substances 
such as greases, and the design of actual 
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-quipment for such measurements is 
-articularly noteworthy. Both employ- 
ed pressure for the acceleration of the 
‘ow of material through their respec- 
eve machines. In this regard, Dr. 
Bingham found that “in the measure- 
ment of plasticity . . . high pressures 
give data which may be handled more 
simply than the data at low pres- 
sures.” 

Arveson!’ in turn, showed that the 
apparent viscosity of a grease varies 
with the rate of shear and that it may 
be accurately measured in a constant 
shear viscosimeter. 

Other investigators, such as Her- 
schelt, Bulkley and Bitner§, have 
worked towards a type of consisto- 
meter which will enable one to work 
out flow-pressure diagrams. The lat- 
ter hold a particular advantage for 
this type of machine in the study of 
materials which change rapidly in 
consistency with time, or which show 
a breakdown of structure with me- 
chanical working. 

Any device for determination of 
change in consistency or viscosity with 
pressure or temperature involves a 
static test. In realization of this fact, 
there has been an interesting trend 
among still other practical investiga- 
tors toward development of a testing 
machine which will enable visual ob- 
servation of the behavior of a grease 
under actual service conditions. De- 
tails of some of the most informative 
machines for the study of breakdown 
tendency and torque, or power con- 
sumption, in grease lubricated ball or 
roller bearings are discussed elsewhere 
in this article. Likewise, a composite 
machine has been built, which enables 
these observations to be obtained 
simultan Jsusly, with suitable data for 
plotting of torque curves for any 
comparatively plastic grease, in terms 
of gram-centimeters. These data are 
obtainable under service temperature 
conditions. 

Actual service test on greases espe- 
cially devised for ball and roller bear- 
ing lubrication have shown a most 
interesting agreement with the data 
and observations made on the same 
products on the so-called Torque- 
Breakdown Machine. They have 
proved conclusively the value of cor- 
relating laboratory research with prac- 
tical service in the study of refinery 
Practices incident to manufacture of 
specialty greases and other lubricants 
designed for intensive duty. 

In the study of torque character- 
istics of various types of grease, the 
data developed by this Torque-Break- 
down Machine have checked with 
Arveson’s statement that “While the 


The Texas Company Machine 


Both of the above machines are designed for 
observing grease performance in ball bearings. 
In design, each involves a fractional H.P. 
Motor attached directly to a shaft carrying a 
ball bearing. By enclosing this latter in an oil 
jacketed housing which is subject to tempera- 
ture control (electric for The Texas Co., and 
gas for the A. B. E. C. machine), it is prac- 
ticable to observe grease behavior, as to aera- 
tion, leakage, channeling, or change in texture 


initial torque of ball bearings freshly filled with 
the proper grease was dependent upon the con- 
sistency . . . in other words, on apparent vis- 
cosity at low rates of shear .. . the torque 
and rise in temperature at equilibrium condi- 
tions were primarily dependent upon the vis- 
cosity of the oil in the grease.”* Later research 
has proved, in addition, that torque is also ma- 
terially affected by the method of manufacture. 


The A. B. E. C. Machine 


over a wide temperature range up to a maxi- 


mum of 300 degrees Fahr. The A. B. E. C. 
machine includes a mechanism for measuring 
both starting and running torques. 

After a test the bearing can be removed, 
cooled and studied for grease leakage, as an 
indication of lubricant consumption. After 
complete cooling, the grease remaining on the 
bearing can be observed as to change in texture 
as compared with the original product. 


tW. H. Herschel, Journal of Rheology, Oct. 
1929, pp. 68-75. 


SR.Bulkley and F. G. Bitner, Bureau of 
Standards Journal cf Research, Vol. No. 5, 
pp. 83-96. 


7E. C. Bingham, “Fluidity and Plasticity,” 
pp. 77-78, 720-323. McGraw-Hill Book Com 
pany, 1922 

*M. H. Arveson, Oil and Gas 
March 31, 1932, pp. 96, 167. 
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Grease 
Testing by 
the Torque- 
Breakdown 
Machine 


By testing a grease directly in a ball or 
roller bearing under controlled conditions as 
to speed and temperature, it is practicable 
to stimulate actual service operation and ob- 
tain interesting information as to the be- 
havior of any such type of lubricant. The 
torque-breakdown machine, illustrated here, 
consists of: 


A. An insulated jacket for controlling 
temperature of test. Test bearing 
is attached to end of shaft K. 

B. 4” line leading to inside of jacket. 
This carries either steam or cold 
brine. 

C. Potentiometer for obtaining tem- 
perature of outer bearing race. 


D. & E. Levers for transposing torque forces 
onto platform of gram scale, F. 
G. 1750 r.p.m., one h.p. induction 
motor, directly connected to shaft K. 

H. 900 r.p.m., % h.p. induction motor 
which can be geared down to ob- 
tain shaft speed of 36 r.p.m. when 
necessary. 

I. Clutch lever for driving with either 
1750, 900 or 36 r.p.m. Motor H 
drives through motor G. 

J. Shaft hangers. 
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. Motor starting switches. 


. The system of levers (within A) 
for registering the turning moment 
of the bearing housing and trans- 
mitting it for registering in grams 
on the platform scale. 

N. The calibrated thermocouple for 

bearing temperature measurement. 

P. A series of copper tubing for cir- 

culation of refrigerant or steam 

within insulated jacket A. 


By the use of this machine (developed by 
the Research Laboratories of The Texas 
Company), it is practicable to observe rela- 
tive starting and running torques, leakage, 
and temperature rise caused by internal fric- 
tion in the grease. 


Note breakdown of a typical roller bear- 
ing assembly (in upper left hand corner). 
This shows the housing in which the bearing 
is located for test, to study effect of tem- 
perature on grease leakage; the torque char- 
acteristics and adherence of grease to the 
bearing. These observations are practicable 
on either ball or roller bearing over a tem- 
perature range from —40 degrees Fahr. to 
350 degrees Fahr. 
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Goes to Washington 


Martin Burton Chittick was born in 1892 
at Stuart, Nebraska, where he spent his 
boyhood and received his primary educa- 
tion. He attended Nebraska Wesleyan 
University and the University of Nebraska, 
where he received his degree. He went to 
Minneapolis as an instructor in the De- 
partment of Pharmacology at the Univer- 
sity of Minnesota. During the first World 
War he served as Captain and Chief Gas 
Officer of the 89th Division. He saw ser- 
vice with his division in the San Mihiel 
drive and in the Argonne. Following the 
war he became chief chemist for the Cooke 
Paint & Varnish Company, of Kansas City. 
In 1922 he returned to Minneapolis and was 
a technical consultant for The Pure Oil 
Company. He was in charge of grease 
production for the H. K. Stahl Company. 
In 1925 he joined the Pure Oil Company 
organization as factory superintendent at 


the Cincinnati grease plant. Early in 1928 
he came to Chicago as chemical engineer in 
the control laboratory. In June of that 
year he became assistant distillation engineer 
and early in 1929, assistant chief chemist. 
In March of 1935 he became specialty and 
technical sales manager. During the recent 
years of chemical and technical development 
this activity has grown rapidly and pros- 
pered. 

Mr. Chittick has held a commission in 
the Chemical Warfare Reserve for a great 
many years, serving in a capacity for which 
he was particularly well qualified. He has 


been called to Washington and enters active 
service with the Chemical Warfare branch 
of the U. S. Army on May 1. He holds 
rank of Lieutenant-Colonel. Fortunately, 
for a time at least, he will maintain a limited 
connection with The Pure Oil Company. 
His many friends wish him the best of luck. 
“Mart” and Mrs. Chittick live in Evanston 
but they will probably move to Washinzton 
soon. Their daughter, Elaine, is attending 
the Ward-Belmont School in Nashville. It 
will not be easy to form the habit of ad- 
dressing him as “Colonel,” but we are sure 


he will not be offended. 


The SKF Heavy Load Cylindrical 


This machine is intended for developing 
data as to the ability of a grease to stand 
heavy loads. It consists of a horizontal 
shaft supported by two cylindrical bearings, 
each spaced four and one-quarter inches 
from the center of the shaft, and resting in 
special pillow blocks. The journal extends 
through these two pillow blocks and is 
adapted to carry an additional bearing on 
each over-hanging end. These latter bear- 
ings are used as a medium through which 
the load is applied to the two center cylin- 
drical bearings. The shaft is rotated at 
2,100 R.P.M. by belting to a five horse- 
power 1,750 R.P.M. motor. 


Roller Bearin g Test Machine 


Seventy-five grams of grease is charged 
to each test bearing, the motor is started 
and run for one-half hour, at which time 
the load is gradually applied until it reaches 
the desired 4,240 pounds per bearing. This 
test is also run until the grease fails, or at 
least for six months. Temperatures are 
taken every two hours. At the end of the 
run, the bearing is studied for loss of weight 
and grease disposition. The grease is 
further examined both physically and chem- 
ically for oil separation, hardening, oxida- 
tion, etc. (The two outside bearings are 
charged with grease and carefully exam- 
ined after each test. They are, however, 
not considered part of the test.) 
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Cold Testin gU nits 


Showing the Norma-Hoffmann Cold 
Testing Unit (opposite). This machine has 
been designed for testing of ball bearing 
greases at temperatures the 
purpose of evaluating their low tempera- 
ture starting characteristics. The Norma- 
Hoffmann machine is an adaptation of the 
method developed by the General Electric 
Company and the U. S. Naval Engineering 
Station. As operated by 
Norma-Hoffmann, greases for test are 
chilled to minus 40 degrees Fahr., in a 204 
ball bearing which has been filled to ap- 
proximately 10 pec cent. of capacity. This 
involves about 0.7 grams of grease which 
is spun into the bearing to insure of re- 
producible distribution. 


sub-zero for 


Experiment 


The test consists of determining the load 
in grams which must be applied to the 
bearing to start rotation, and the length 
of time required to bring about one com- 
plete revolution. An initial load of 500 
grams is employed; if this fails to initiate 
any movement in the bearing, the load is 
increased to 1,000 grams and if necessary to 
2,000 grams. The details of the Norma- 
Hoffmann machine show a circular disk 
mounted on the end of the bearing spindle 
which disk is divided into eight equal divi- 
sions around its circumference. After enough 
weight has been applied to start rotation, 
the time in seconds required for each divi- 
sion to pass a fixed point is observed. Also 
the total time to make one revolution under 
a given load is recorded. 


William C. Callahan 
Joins Chek-Chart 


The Chek-Chart Corporation, Chicago, 
announces the appointment of William C. 
Callahan as Managing Editor. 

Callahan, through his many years of asso- 
ciation with automotive publications, has a 
broad knowledge of all phases of the indus- 
try and a wide acquaintance among the 
automotive, petroleum and related indus- 
tries, 

He recently served as editor of “Auto- 
mobile Topics,” and previous to that was 
Managing Editor of “Automotive News,” 
with which publication he was associated 15 
years. 

CHEK-CHART also announces the ad- 
dition to its editorial staff of Thomas M. 
Ephgrave, formerly in advertising and sales 
promotion work in Chicago. 
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Method of 


Evaluatin g 
Greases” 


In the evolution of The G. E. Study of 
the service properties of greases, oxidation 
tendencies were first measured by observing 
the increase in acidity after thin layers of 
the grease under test had been exposed to 
heat, light, and oxygen. This is regarded as 
a static test. Later a method more compar- 
able to storage conditions was developed, 
involving the packing of conventional ball 
bearings with grease, following which they 
are exposed to oxidizing conditions, after 
which their resistance to turning can be 
noted. The latest method measures this 
latter before and after exposure to these 
conditions. Obviously, this is also a method 
of determining the starting torque. 


This test subjects the bearings and lubri- 
cants to the combined action of heat, light, 
oxygen, and moisture for a period of two 
weeks. In this the test differs from other 
accelerated oxidation tests in that pressure 
is absent, light and moisture being present 
instead. The author* regards light as par- 
ticularly important, as the action thereof has 
been found to speed up the oxidation reac- 
tion materially. 


Following the oxidation treatment, the 
bearings are again studied to determine the 
resistance to turning which the grease may 
impose. Any increase over the originai 
force required for such turning is regarded 
as due to gummy or oxidized materials 
which have been developed within the grease 
in the bearing. The greater this force (or 
weight necessary to turn the bearing) the 
less resistant the grease is to oxidation in 
the-opinion of the author. 


The effect of bearing materials can also 
be judged. In other words, the test is re- 
garded as showing the catalytic effect of 
certain metals such as copper alloys, on 
oxidation as well as hardening of greases. 
When bearings with steel retainers are used 
most greases appear to be quite stable, but 
in the presence of bronze retainers, when 
subjected to the aforesaid conditions, some 
greases will become materially harder. 


*H. A. McConville, Works Laboratory, General 
Electric Co., Schenectady, N. Y. 

In Report on “Recent Developments in Evaluating 
Lubricating Greases” General Electric Review—pp. 242- 
245 incl., May, 1937. 
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ANGULAR Bearinc Grease Test 

Unit A permits study of the behavior of 
grease in angular bearings. It consists of a 
horizontal shaft supported on each end by 
two angular contact bearings, resting in suit- 
able pillow blocks. The shaft is belt-driven 
by a one horsepower 3,400 r.p.m. motor. 
The only load applied is that due to belt 
tension. In the right hand block, the test 
bearings are installed with their retainers 
diverging outwardly so that the grease tends 
to work out and away from the balls and 
races, while in the left hand pillow block 
the bearings are installed in the opposite 
direction so that the grease is worked into 
the races and voids. The former presents 
the most severe condition, hence is most 
valuable in denoting the lubricating ability 
of a grease. 

Thirty grams of grease is charged to the 
lower half of each bearing, then the test is 
operated continuously until failure, or at 
least for a period of six months. Mean- 
while, readings of bearing temperatures are 
taken every two hours. These temperatures, 
for normal operation, range from 120 to 
130 degrees Fahr. for the bearings diverg- 
ing outwardly, and from 140 to 150 de- 
grees Fahr. for those diverging inwardly. 
Any sudden rise or sustained rise in tem- 
perature would indicate starved lubrication 
or bearing failure; when this occurs the test 
is discontinued. 

At the conclusion of a successful test, 
the bearing elements are weighed to ascer- 
tain any loss in metal as compared with 
similar weights before assembly. This is 
taken as an indicator of wear. The grease 
on the bearing is weighed so as to have a 
measure of how it clings to the bearings. 
The amounts of grease in the housing and 
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leakage are also determined. The grease 
itself is examined both chemically and physi- 
cally for color change, oil separation, oxida- 
tion, etc. 
Horizontat HicH Speep 
BearinGc Grease Test 

Unit B is for testing grease in a horizon- 
tal high speed bearing. It consists of a 
horizontal shaft supported on each end by 
a ball bearing, held in pillow blocks by 
pins to prevent rotation of the outer race. 
The shaft is driven at a minimum of 11,000 
r.p.m. through belt drive to a 3,500 r.p.m. 
one-half horsepower motor. Four grams of 
grease is charged into the bearing, then 
both seals are closed. Weights of the bear- 
ing and the bearing plus grease are taken 
before and after the test to determine loss 
of weight through wear, amount of grease 
retained on the bearing, and the amount of 
grease leakage. A test is continued until 
failure, or at least for six months, tempera- 
tures being taken every two hours. Any 
sudden and sustained rise is taken as indi- 
cating starved lubrication or bearing failure, 
and the test is discontinued. 
VerticaL HicH Sprep 
BearinG Grease Test 

Unit C is for vertical high speed testing; 
it permits of study as to how grease should 
be applied to a vertical bearing. In design 
the test unit is similar to the horizontal one, 
the test procedure is likewise the same. 

Temperature measurements on all three 
machines are taken by using thermocouples 
in contact with outer races of bearings. 

(To be continued) 
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